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r>ECLARATi:ON OF SHIRLEY LONGACRE 

I, Shirley Longacre (formerly Shirley Longacrc-Andrc) do hereby declare the following: 

1. 1 am one of the inventors of the present application. I have over 25 
years of experience working on molecular biological approaches to 
I parositology and immunology. Since 1990. my research ot the Pasteur 

I Institute has been devoted to the production of recombinant analogs 

of merozoite surfoce proteins (MSPs) from three Plasmodium species 
infectious to humans, in the baculovirus / insect cell expression system. 
Until recently much of our work has focused on C-terminol MSPl (pl9) 
antigens, including the analysis of their structure and biological 
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properties, as well as their role in the induction of protective efficacy 
against malaria in primate systems. Indeed, this work provided the 
basis for the first determination of MSPlpl9 crystal structure. 
Attached hereto as Annex I is my Curriculum Vitac, with a list of my 
publications relating to the present invention. 

2. I have focused on MSP antigens, because the merozoite is the 
extracellular infectious form of the malaria parasite for 
erythrocytes, and its surface proteins are obvious vaccine targets 
since they are exposed to circulating antibodies and are presumed to 
play essentiol roles in the erythrocyte invasion process. A homologue 
of the major P. falciparum merozoite surface protein 1 (Pf MSPl) is 
found on the merozoite surface in all species of Plasmodium studied 
to date, where it is anchored at its C-terminus by a glyco-lipid 
glycosylphosphatidyl-inositol (SPI) moiety. The P, falciparum MSPl 
precursor is processed in at least two proteolytic steps, leading first 
to a noncovalently associated complex of MSPl derived peptides, 
including a membrane bound 42 kDa C-tcrminal moiety. In a secondary 
processing step, the 42 kDa fragment is further cleaved to the C- 
terminal MSPlpl9 SPI anchored protein with 96 amino acids, which 
remains on the merozoite surface during and after invasion. This 
small polypeptide has 12 cysteines and folds into two intimately 
associated epidermal growth factor (EGF)-like domains, each with 
three disulfide bridges. Thus, the MSPlpl9 antigen has a very 
complex native conformational structure, which would have to be 
accurately and quantitatively reproduced in recombinant analogs to 
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induce a protective immunologrcal response against malaria parasites. 
Another very important property of MSPlpl9, rarely observed in 
parasite surface proteins, is that it displays very limited 
polymorphism in wild isolates of parasites from diverse geographical 
locations. Thus, a vaccine based on this antigen should protect very 
well against most, if not oil, heterologous parasite strains found in any 
endemic region. 

3, The above-captioned patent application relates to purified 
baculovirus recombinant AASPlpl9 analogs from three different 
Plasmodium species infectious to humans: P, falciparum, P. vivaxmd P. 
cynomolgi These constructs contain only se.ciim\ces derived from MSPl 
proteins, except for a C-terminal hexa-histidine tag used for mctallo- 
affinity purification, and 2 residues created by the 6-base EcoRI 
restriction site Joining nucleotide sequences coding for N-terminal 
(including signal ^^qu^x^ces") and C-terminal portions of MSPl. These 
constructs are correctly processed by the baculovirus system to 
mediate protein secretion. Furthermore, the fact that the purified 
boculovirus recombinant MSPlpl9 proteins could be crystallized, 
allowing the resolution of their 3-dimens»onal structure, shows 
definitively that these preparations arc highly homogenous, with 
quantitative reproduction of the complex conformational AASPlpl9 
epitopes. 

4. I have read the U.S. Official Action of December 19, 2005, as well 
as the claims, which are currently of record in the present application, 
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As I understand it, the Examiner has rejected the present application 
in view of several documents, I have read and I am familiar with the 
documents that were cited in the rejections. I have also read the 
response to this Official Action and agree with the interpretation of 
the two cited Longacre (1995) and Longacre et al (1994) references. 
More specifically, neither reference discloses the inhibition of 
parasitemia in vivo in a host infected with o Plasmodium parasite. 
Furthermore, neither reference refers to the use of alum or any other 
adjuvant for use in a vaccinating composition. It should be appreciated 
that without experimentally demonstrating that parasitemia can be 
reduced or inhibited in vivo in a host infected with a Plasmodium 
parasite infectious to humans, it could not be predicted at that epoch 
whether these sequences (Longacre 1995) or recombinant proteins 
(Longacre et al 1994) could in fact be useful in a vaccinating 
composition. Indeed, many types of MSPl based recombinant proteins 
from Plasmodium species infectious to man have been described, 
(including the individual £ coli produced Pf MSPlpl9 ESF domains of 
Chappcl and Holder), which never demonstrated protective efficacy 
when tested in primate challenge trials. 

5, With respect to the other cited prior art of Holder and Chappel, i.e., U,S, 

Potent 5,720,959, to Holder et a! and the article of Chappel and Holder 
(1993), it should be appreciated that these documents are from the same 
scientific group and relate to £ coli recombinant proteins corresponding 
to the two individual £©F-like domains from PfAASPlpl9. I am familiar 
with the research done in the Holder group and have the following 
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comments to make with respect to U.S. Patent 5,720,959 and the paper 
of Choppel and Holder. U.S. patent 5,720,959 focuses primarily on 
polypeptides with the sequences described in Figs 1 or 2, which 
correspond to the two individual ESF-li'ke domains produced as separate 
entities. It is further specified in this potent at column 2, lines 41 to 46, 
that no other naturally adjacent amino acid sequence be in the construct 
and thus only individual EGF-like domains are needed for antigenicity. U.S. 
Patent 5,720,959 discloses that recombinant proteins of the ESF-like 
domains ore produced in Ecc//or\d are indistinguishable from the native 
protein (at column 2, lines 33 to 39). However, it is a well-known 
observation that proteins expressed as intracellular proteins in E coli do 
not form correct disutphide bonds, even when expressed as fusion 
proteins. Indeed, the only experiment to confirm correct conformation of 
the E. colt recombinant £SF-like domains, is a "^^^ern blot (Fig. 2 in 
Chappcl and Holder, 1993) using a panel of 6 monoclonal antibodies, 5 of 
which bind to disulphide-constroined, reduction sensitive epitopes, and 3 
of which were known to inhibit merozoite invasion in vitro (not in vivd). 
However, binding of antibodies to proteins on Western blots, is only a 
very preliminary, highly inaccurate technique to oss^s whether 
conformational structure is maintained quantitatively in all molecules of a 
purified recombinant protein preparation. Furthermore, U.S. Patent 
5,720,959 discloses that the recombinant protein produced in £ cofiand 
tested in mice is derived from P. yoelii tfiSPl and contains both EGF-like 
domains in a single polypeptide, as in the native antigen. P. yoe/ii is a 
rodent malaria parasite and is not infectious in man. Only four species 
from the genus Plasmodium habitually infect man; P. vivax, P ovale, P. 
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mafari'ae, and R falciparum, (although P. cynomolgi, which is highly 
homologous to P, vivax, is also known to infect humans). The P, falciparum 
recombinant M5P1 proteins described in the Holder patent have never 
been shown to have protective efficacy in a monkey model, regardless of 
the formulation used. The consequence of this will be discussed below 
under paragraph 8 below. Finally, although U.S, Patent 5,720,959 
mentions the fact that alum can be used as on adjuvant, it was never 
tested with the recombinant construct in any of the examples; only 
Freund's complete and incomplete adjuvant (FCA/FIA) were used in the 
mouse model. It is well known in the immunologicol art that the use of 
different adjuvants can profoundly affect the strength and efficacy of 
the immune response to any given protein antigen, and this premise 
applies equally to recombinant Plasmodium proteins. Adjuvants are used 
primarily for soliciting and augmenting specified immune effector 
functions. In the case of the present patent application, adjuvants were 
required to induce significant antibody titers specific to the recombinant 
MSPlpl9 immunogens. It was known at the time of the filing of the 
present patent application that the efficacy of recombinant MSPl based 
vaccines was highly adjuvant dependent, such that different formulations 
of the some immunogen could have very different protective outcomes. 
Therefore, it was in no way predictable that alum would in fact work with 
the recombinant polypeptidc(s) described either in the present patent 
application or in the U.S. Patent 5,720,959 without first being tested. 
Indeed alum is known to be a considerably less potent and efficient 
adjuvant than FCA/FIA. To my knowledge, the present patent application 
contains the only known dcmonstration(s) (shown both with the natural P, 
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cynomolgi / Macaca sinica and the cxpcrrmcntol P, falciparum / Saimiri 
scieurus parasite/primate systems), that alum formulations of any 
recombinant C-termmal MSPl antigen can be used to confer protection 
against malaria in primates. As evidence of this last statement, attached 
as Annex II, is the publication of Berghaus et al. (1996), Infection and 
Immunity 64, 3614-3629, concerning a recombinant C- terminal AASPlpl9 
of Plasmodium falciparum expressed in Exoli as a fusion protein with 
glutathione S-tronsferose (described in Berghaus and Holder (1994), 
Molecular and Biochemical Parasitology 64, 165-169). This construct is 
very similar to that described in U.S. Potent 5,720,959, and in Chappel 
and Holder in paragraph 6 below, except that the E&Fl- and ESF2-like 
domains were expressed together in the same polypeptide, rather than 
individually. When this recombinant protein was administered to Aotus 
nancymai monkeys, either absorbed to alum or incorporated into 
liposomes, there was no protection oqcAXKSX a challenge infection of P. 
falciparum infected erythrocytes. All of the monkeys became parasitemic 
and required treatment. Furthermore, Miller ct al. (1997) remark 
regarding the development of malaria blood stage vaccines that "...to 
date, protective immunogens appear to require complete Freund's 
adjuvant (CFA); other adjuvants suitable for human use such as alum have 
not been effective." 

6. With respect to the reference of Chappel and Holder, cited in the 

Official Action, th^e is a similar disclosure as that of the above patent 
to Holder et al. discussed in paragraph 5. However, data presented in 
this publication strongly support the contention that there are important 
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differences between the constructs of the present invention and those 
described in this reference. I would like to draw the attention of the 
Examiner to Figure 2 of this reference. This figure shows the reactivity 
of monoclonal antibodies such as those named 12. 8, 12.10 and 5B1, which 
are considered to be "protective" (i.e. shown to inhibit the invasion of red 
blood cells by merozoites in vitro), and o rabbit polyclonal antibody raised 
against affinity purified native MSPl, on immunoblots with *an empiricolly 
determined amount" of an insect cell product, S42AA. which contains 271 
amino acids of the Wellcome strain MSPl (residues 1433 to 1723) 
including both ESF-like domains fused to the amino terminal 34 amino 
acids of AASPl to provide a signal for secretion (lane 1), and four £ coli 
©ST- fusion proteins containing individual MSPl E£F-like domains. In this 
figure the upper left hand image shows one gel stained with Coomossie 
Brilliant Blue (CBB) to indicate the amounts of protein loaded and the 
other gels were transf ercd to nitrocellulose. On the CBB stained gel the 
insect derived protein is not even readily visible, while the bacterial 
products are clearly present in quite large amounts, suggesting that there 
must be at least 10 to 100 fold more product. Nevertheless, the antibody 
reactivity with the insect protein is consistently as good or better than 
any of the bacterially derived products. This is observed most notably 
with the invasion inhibitory "protective" monoclonal antibodies and the 
polyclonal antisera raised to native MSPl. These results demonstrate that 
at best, only relatively small proportions, if any. of the bacterial products 
possess the native conformation, compared to the insect product. 
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To the best of my knowledge, there is no published or unpublished 
demonstration to date, 13 years after the PCT of U.S. patent 5720,959 
was filed, that recombinant polypeptides corresponding to individual MSPl 
C- terminal ESF-like domQir\s. produced in E caft or any other expression 
system, can induce protective immunity against any Plasmodium parasite, 
in any host, using any adjuvant. 

Furthermore, it should be noted that no other C-terminal MSPl 
constructs other than those described in the present invention, have 
shown OS complete and consistent protection in primate vaccination trials. 
9rQ\fs,c\\sz efficacy of the constructs of the present invention hove been 
demonstrated preferentially using a parasitc/phmate test system with 
macaque monkeys (e.g. toque and rhesus monkeys), which are considered 
to be more predicative of human immune responses than new world 
monkeys such as AofusQi\6 Saimiri, which are not naturally infected with 
Plasmodium. In contrast Macaco sinica (the toque monkey) is infected by 
P. cynomolgiXn natural settings. Whife this system is more analogous to P, 
vivax infection in man, it could also be considered more predictive of 
efficacy against P, falciparum infection than the more artificial models 
involving P. falciparum itself. Six separate experiments carried out in the 
Macaca sintca/P cynomolgi sys^en\ using FCA/FIA, or Montanide ISA51 
(similar to FIA, but human compatible) formulations of AASPlpl9 of the 
present invention, with different batches of antigen or administered by 
the subcutaneous or intramuscular routes of injection, has resulted in 
100% sterile, or nearly sterile immunity with barely detectable 
parasitemia on only 1 or 2 days after challenge. Furthermore in one 
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experiment performed using a boculovirus F, falciparum MSPlpl9 
construct \nSaimiri monkeys, there was significant protection using alum 
as the adjuvant. It should be noted that all of the cmtibodies induced by 
the MSPlpl9 antigens in these experiments, recognize exclusively non- 
linear reduction sensitive conformational epitopes, indicating that proper 
folding of the immunogens is essential for their protective efficacy. 

9, Moreover in the immunization system described in paragraph 8, durable 
protection was conferred as measured by homologous or heterologous 
rechallcnge after 4 to 6 months. This prolonged immunity could be due to 
either to a long-lasting effect of the immunogen itself or to effective 
boosting by very low or undetectable parasitemia. Heterologous 
rechallenge was undertaken $\r\cz homologous rechallengc is a somewhat 
artificial situation due to the fact that in nature the extreme 
polymorphism of Plasmodium ensures that infections are rarely, if ever, 
mediated by identical strains as in homologous challenge. We have also 
further demonstrated excellent protection against heterologous 
rechallenge using MSPlpl9 of the present invention and alum. To my 
knowledge no other malaria vaccine candidate, including other 
recombinant versions of MSPlpl9 has been shown to confer any 
protection aoainst heterologous challenge or rechallenge . much less the 
significant levels I have observed. 

10, Finally it should be noted that since the VCA/FZA adjuvant is too toxic 
for human use, the demonstration in two experiments of significant 
partial protection of the MSPlpl9 antigen formulated in alum, as well as 
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increased protection after heterologous rechallcnge is of crucial 
importance since alum is the only adjuvant routinely licensed for human 
use. Moreover no adverse side effects were observed in any of the 90 
primates that were vaccinoted with the various baculovirus MSPlpl9 
antigens of the present invention. 

In conclusion it should be said that none of the cited documents In the 
Officio! Action provide a vaccinating composition against a Plasmodium 
parasite that Is Infectious in man, which has been shown to induce an 
immune response that can inhibit parasitemia in vivo in a host infected 
with such a Plasmodium parasite. 

I further declare that all statements made herein of my knowledge are 
true and that all statements made on Information and belief are believed 
to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made ore 
punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may 
jeopardize the validity of this application or any patent issuing thereon. 




Date 




Shirley Longacre 
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Current scientific research interests 

• Malaria: Plasmodium falciparum and Plasmodium vivax. 

• Merozoite surface proteins (MSPs). 

• Analysis of polynnorphism of PfMSPI p42, PfMSP4 et PflVISPS in endemic regions. 

• Natural human immune responses to PfMSPI pi 9, PfMSP4 et PfMSPS in endemic 
regions; associations with protective immunity. 

• Development of malaria vaccines with efficiacy against both P. falciparum and P. vivax 
based on MSP1p19 : first clinical trial in 2007. 

• Evaluation of new adjuvants and delivery systems for human vaccines. 

• Development of a novel general approach to immunostimulation of subunit vaccines 
using recombinant antigens modified with glycosyl-phosphatidyl-inositol (GPI) moieties. 

Publications of S. Longacre relating to MSP vaccines 
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Primary structure of the merozoTte surface antigen 1 of Plasmodium vivax reveals 
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Snewin, V.A., Longacre. S, and David, P.H., 1991 
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candidate, Biological Chemistry 379, 65-70. 
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Immunization of Actus nancymai with Recombinant C Terminus of 
Plasmodium falciparum Merozoite Surface Protein 1 in Liposomes 
and Alum Adjuvant Does Not Induce Protection against a 

Challenge Infection 

PETRA A. BURGHAUS.H BRUCE T. WELLDE,^ TED HALL,^ ROBERTA L. RICHARDS,^ ANDREA F. EGAN/ 
ELEANOR M. RTLEY/ W. RIPLEY BALLOU,^ and ANTHONY A. HOLDER^* 
Division Of Parasitology, National Jnsiitute for Medical Research, London, ' and Division of Biological Sciences, 
Institute for Ceil, Animal and Population Biology, UmvtrsUy of Edinburgh. Edinbw^^ United IGngdom, 
and Departments of Immunohgy^ and Membrane Biochemistry/^ 
Walter Reed Army Institute for Research^ Wiashingtori, D.C, 

Received 26 Februa/y 1996/RetufQed for modification 12 April 1996/Acccptcd 1 July 1996 

M«rozo]t« Erairl^c« prot«io I (MSP-I) of Plasmodium falciparum i$ an ftntimalaridl vaccine candidate* The 
h^hly conserved 19-kDa C-terminal processing tegment of MSP-l (MSP-li,) is of particular interest since it 
contains epitopes recognized by monoclonal antibodies which inhibit the invasion of erythrocytes in vitro. The 
presence of naturally acquired anti-MSP-li9 antibodies in individoals exposed to malaria has been correlated 
with reduced morbidity, and Smittuniiation with an equivalent recombinant P. yoelU antigen Induces substan- 
tial protection gainst this parasite in mice. We have expressed P. falciparum M$P-1^ in Escherichia coii as a 
correctly folded pirotein and immuni^ Aatun narKcymai monkey.s by using the protein incorporated into 
liposomes and adsorbed to alum* After vaccination^ the sexa from these animals contained anti*MSP^li9 
antibodies, some of which competed for bindio^ to MSP-li, with monoclonal antibodies that inhibit parasite 
invasion of erythrocytes in vitro. However, after challenge with either a homologous or a heterologous strain 
of parasite, all animals became parasitemic and required treatment. The Immunization did not induce 
protection In this animal model. 



Malaria is a serious health problem in tropical countries, 
with an estimated 300 to 500 million clinical cases and 2.7 
million deaths per year (9). Resistance to existing drugs is 
developing fast, and an effective vaccine is urgently needed. A 
number of antigens expressed at different stages of the para- 
site's life cycle have been characterized with respect to their 
uifc in a subunit vaccine against Plasmodium falciparum (19). 
Merozoite surface protein 1 (MSP-1) is one of the most prom- 
ising vaccine candidates (14, 20). People naturally exposed to 
P, fakiporum develop antibodies against MSP-1 (15, 27, 31- 
33). Furthermore, an associarion between a naturally acquired 
immune response to MSP-1 and reduced malaria morbidity 
has been observed (30). In a number of mdependent studies, 
immunisation with purified native MSP-1 or recombinant frag- 
ments of the protein has induced at least partial protection 
against parasite challenge (reviewed in reference 14). 

MSP-1 is one of the best-characterized P. falcip€trvm pro- 
teins (reviewed in reference 10). At the time of merozoite 
release and erythrocyte invasion^ MSP-1 is proteolyticUly 
cleaved into several fragments. Only a 19-kDa C-terminal 
polypeptide (MSP-1 19) is carried into newly infected erythro- 
cytes, and the remaining fragments arc shed from the parasite 
surface (3). The sequence of MSP-l,, is highly conserved and 
composed of two motifs which have structural similarity to 
epidermal growth factor (4). Bpitopcs in this region of MSP-1 



are the targets of antibodies which inhibit erythrocyte invasion 
in vitro (3, 7, 11, 29). Vaccination experiments with the equiv- 
alent polypeptide from P. yoelu expressed in Escherichia coli 
have shown that mice immunized with this recombmant pro- 
tein are protected against an otherwise lethal challenge with 
this rodent parasite (12, 25). Protection appears to be medi- 
ated largely by antibody (16, 25). P. falciparum MSP-1 
pressed in R, coli or Saccharomyces cerevisiae appears to be 
correctly folded (6, 23) and reacts with antibodies induced by 
natural infection (15, 33). In The Gambia, where malaria is 
endemic, the prevalence of anti-MSP-l„ antibodies is low in 
(Aildren (about 20%) but is up to 60% hi adults (15), and a 
significant correlation between anti- MSP-1 ly antibody titer 
and reduced malaria morbidity has been reported (1 6). Acqui- 
sition of high levels of antibodies to MSP-1,, j from the mother 
correlates with a reduced probability of an episode of clinical 
malaria in infants (18). In summary, in vitro studies, results 
obtamcd with a rodent malaria model, and studies on naturally 
acquired immune responses suggest that MSP-1 19 is an impor- 
tant target of anlhnalarial immunity and for the development 
of a vaccine against P, faldporum. 

To evaluate the recombinant P. falciparum MSP-l 19 ex- 
pressed in bacteria as a vaccine against malaria, we immuniJted 
Aotus nancymai monkeys and challenged them with blood 
stage parasites. 



* Concsponding {author. Mailing address: Division of Parasitology, 
The Ridgcway, MUI HiU, London NW7 lAA, United Kingdom. Phone; 
(44) 181 9S9 3666, ext. 2175. Fait: (44) iSl 913 8593. Electronic mail 
addrcM: a-holder@nunr.mrc.acuk. 

t Present address: ZMBH, Universitat Heidelberg, D-69120 
Heidelberg, Qcmiany. 



MATERIALS AND METHODS 

rrDdudim ot utl^n. The antiget) uscU in thiit Acady was the C termimis of the 
WcJlcomc \ypA MSP- 1 exprcsscd in E. coli rs » fusion pfotein with glutathiojic 
^'-transferase (GST). Tbe protoin wa* preyed as described previously (6). The 
8c<juenCTi coTttai^ls amino aci<ls Asn-1631 to Airn'1'726 (niunDcriog aooordnig to 
reference 26). To purify ihts mAlaria polypeptide for uw in enaynwlinked it»- 
muntrtoHsent asaays (EUSA), GST-MSP-U* wa* deavcd with protease factor 
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Xa (lii>ehnrtE«r) itnd MSP-li^ WS8 separated itam hy k«I Hitnition througb 
SupeFdcx-7S (PhArouctA). 

Fotnnnlatnn of vaisdne. GST-M5P'li« aod CStX were fonnulatcd with lipo- 
some* that w«rc prepared as described previously (1). The liposomes were 
composed dimyiittoyl pbuspbatidtylcholiiic, dimyrL^ncyt pbosphalid|ylglyccrol, 
afid cholesterol ht a moliu- r;ttio of 9;1;7.5 and lipid A at IS n^mcA of phoeptao- 
lipid. The pbospboUpldfl were i^btAined from Avanti Polar-Lipids, lac^ Atahayia, 
Aia.; Lho liptd A (from Satmonetla mlnttexota R5<^) wwt obtained from Li&t 
Biological Laboratories, Inc., Campbo]], Calif. A single dodc cit 250 or lipo- 
somes C0TiUdn«d 215 (j^g of lipid A 16.S pjnol of phospholipid, and 74 |rg of the 
GST-MSP-1,0 fiuiofl protein or 40 ug of OST as a controt antigen, re«p<iciivcly. 
The lipOMimes were adsorbed to ahim prior to injeOion. 

Desiftt tt v*cdnc trial, ^1. nmcymm monkeys were Imniurti/^ iu two separate 
Inab wltb two different P. ftdcipanan challongt; strains. For homologOiLS cKil* 
lenge, parasites of the FVO sirain <a P. fitidpamm were used; those paasii«s 
cxprixss M$P>1,9 with a sequence identic^ to thai of Uic recumbtnaot protein 
(23). The FVO strain is a highly virulent pantsitc In A. mmcymai, pfodvdne a 
rapidly dcvclopiiig pmsilcinia after challenge. To preserve monkeys infected 
with (his vtrain, tzeatment with mefloquine (2(> ingA^g orally) was initiated when 
the perccDtage of Infected «ryUirwytes approached 5%. Hctcrolt>you9 challenge 
was dOTie with p. faic^xmon CAMP parasite^ whkK v^qnress the NfAD20 allele 
of lh<j msp-1 gene and the amino acid sequence of whose MSP- 1 19 differs ttcm 
that of the antigen at four posiUonj (26). The CAMP strain Ls less virulent, with 
only about 40% of infected A nancynai monkeys requiring treatment (cbtoro- 
quinc-HO, 5 mg intramuscularly un eftU) of 3 days) for parasitemias ^Jprvvcbing 
10%. Twcrttyrivc perwDl require treatment for severe mtemia (<20% hemato- 
cril) with moderate parasitemia, and at>pro^maiety 35% survive without treat- 
ment, never devekipmg high parasitemia or severe aaemisi, bvt nonthdess un- 
dergo substantial infections (2. 34). Eleven iiTiinutls were used: numbers 1, 2, X 
7, and 8 were immunb:cd with G^, sind numbers 4. 5. 6, 9, 10, and 11 were 
ii»mmit/«a with GST-MSP-I19. Monkeys 1 to d woro chttDengeJ with the CAMP 
strain, and oumhcrs 7 lo U were challenged with the FVO strain, 

TmmmilTiatton and dunen^ proAcKoI. The monkeys were immunized by tiie 
intramuBcuLai route <m ddys I, 30, and 60 and challenged on d^y ^1 with lO' 
parasiUreO eiylhxocytes obtained from donor monlceyv, Blood sonqiles were 
taken immediately before each immvnceitUon and on the day of challenge. AOer 
chaDco^, par»s>ieTniu was m<Hiitored with Gicmsa-staided blood smears and 
hemaiocrils were deteimioed daily. Monkeys were treated wiUi nntimalari&l 
drugs viicn the parasiLemiii upproocbed 10% for the CAMP strain «nO 5% for 
ihe mure virulent FVO strain or when the hcmaiocrit dn^ped to 20% or less. 

ELISA. Immunoloti 4 microu'usr plates (Dynatech Laboratories) were t;02U«»J 
by incubation with 3 jLg of M$P-| per ml or 2 Mg of GST per ml in oirb^mjite 
buffer (p\ I 9.5) u( S^XJ and washed three times with phoetph^iie-buffered saline, 
and thi^ uncoatcd sites were blOCUd with i% (wtA'ol) milk powder In phot- 
phaie- buffered salioe containing 0X>5% (vot/vi>l) Tween 20. Tlie plates were 
washed agaJo, and iHtri iripbuile or duplicate wells were iikcuhiied with serially 
diluted sera. After washing, alkaline phosphatase^wnjugated antr-monkcy Im" 
munoglohulrn G (Signiii) wns added at a dilution of 1A.000. Bound anUbody was 
dAiwied wiih;?-mtrophcnylphosphatc (S^gma), and theyl+ia was measured. 

Compcctticn EUSA. The abilliy of antibody prexent in the monkey sera to 
block binding to MSpOjh of monoclonal antibodies (MAbs) 2.2, 7.$, 12.$, itnd 
12.10 (a kind gift of J. S. McBridc) was studied. Two of these MAbs, 12.S and 
12)0, block pamsile invasion of erythrocytes in \itio (11) and inhibit U»e pro- 
leolytic cleavage of MSP-1 (5), whereas the others do m*. Pities waled with 
MSP-I1.J were incubated with vaHoux diluUons of monkey sera and incubated for 
5 h, Aftw the pifties were washed* ascitic fluid containing one MAb and diluted 
1/4,000 was added and the plates were Incy bated Ovemigfal. Finally, the plates 
w«re iiTvubated with horseradish peroxidasc-conjugated anti-mou^e itamuDo- 
globulin G diluted 1/1,000. Bound anUbo^iy w;w delected by using H2O2 and 
o-phenylt»m:Ui4iminc (Sigma); the color reaction was stopped by additit^ of 
I I2SO4, and then the ^4492 was measured. 



RESULTS 

Assessment of antibody response by ELISA. All of the ani- 
mals tolerated the immuniiMdioas wcU, with no dcleTerious 
effects on weight or hematologic parameters. The sera col- 
lected after iTTtmunization and inimcdiatcly before challenge 
were analyzed for the presence of specific antibodies. We de- 
termined the titers of antibodies specific for GST and MSP-1 19. 

The antigen used for immunization was either the G$T- 
MSP-lji9 fusion protein or GST alone. Therefore, to assess the 
immunogcnicity of the vaccine fomiulatlon, we determined the 
response in each animal to GST by ELISA, As shown in Fi^ la 
and b, all of the animals developed antibodies against GST^ 
indicating that the vaccine formulation had stimulated an im- 
mtme response. The response tended to be lower in animals 



that had received the fusion protein, and monkey 11 developed 
a noticeably lower titer than all of the others. 

We also investigated the specific antibody response to MSP- 
by using the cleaved and purified product as the antigen in 
ttie ELISA. All of the monkeys that t^d been immunized with 
GST-MSP-li9 developed antibodies against this protein (Pig. 
Ic and d), whereas the animals immunized with GST did not 
Monkey 11 also developed a lower response to GST-MSP-l,p 
than did the others immunized with this antigen. 

Antibodies Induced by immunization compete with M\bs 
for antigen binding. The sera were assayed for the ability to 
block the binding to recombinant protein of inhibitory MAbs 
12.8 and 12.10, whith recognize different epitopes. The sera of 
monkeys immunized with GST-MSP-l^y had at least a partial 
effect on the binding of both MAbs at the dilutions tested (Fig. 
2), whereas the sera from the GST-vaccinated animals had no 
effect on MAb binding. In competition with MAb 12.8 (Fig. 2a 
and b), blocking was first observed with some samples at a 
dilution of 1/250 and was essentially complete at a dilution of 
1/25, the highest concentration in serum tested. In contrast, the 
blocking of MAb 12.10 binding was first detected at a concen- 
tration in serum of 1/50 and at the highest concentration tested 
(1/25), the binding of MAb 12.10 was blocked to only 60% by 
four of the sera and to 45 and 35% by two others (Fig. 2c and 
d). The strongest blocking effect was observed for noiiinhibi> 
tory MAb 2.2. In this case» competition was first detected at a 
dilution of 1/5,000 in some samples (Fig. 2c and f). 

Outcome of challenge with parasites. All six monkeys (ntim- 
bers 1 to 6) in the control (GST) and immunized (GST-MSP- 
I19) groups challenged with the heterologous strain (CAMP) 
developed detectable parasitemia in their blood on day 3 or 4 
after challenge (Fig. 3a and b). While one control monkey 
required treatment for high parasitemia on day 15, the other 
two controls both recovered without treatment after undergo- 
ing substantial infections. Two of the immunized monkeys re- 
quired treatment for high parasitemia on days 10 and 11 after 
challenge. The third immunized monkey developed moderate 
parasitemia but was treated because of severe anemia on day 
33. 

The outcome of challenge with the homologous strain 
(FVO) is shown in Fig. 3c and d (numbers 7 to U). Parasites 
were delected in the blood of all six monkeys on day 4 or 5 
after challenge, and all monkeys were treated on day 10 be- 
cause of hi^ parasitemia. While the two specific control 
(GST) animals had somewhat higher parasitemias than the 
three immunized monkeys at the time of treatment, two other 
control monkeys challenged at the sairte time with the same 
inoculum had parasitemias on day 10 of 195.950 and 664.620 
organisms per iJil of blood, respectively (data not shown). 

DISCUSSION 

Immunization with the C terminus of P, yoelii MSP-i ex- 
pressed in bacteria as a fusion protein with GST can protect 
mice against an otherwise lethal challenge with this parasite 
(12, 25). In contrast, immunization of mice with P. chabaudi 
MSP-1 1^ expressed in JS~ coli as a fusion with maltose-binding 
protein was not effective (28). We have produced the homol- 
ogous region of P, falciparum MSP-1 as a GST fusion protein 
arid tested it as a vaccine in A nancymai monkeys challenged 
with this human malaria parasite. In the protocol used here, 
vaccination with the C terminus of MSP-l did not induce 
protection against a challenge with P, falciparum. 

In the P. yoelii model, the secondary structure of the antigen 
is important for induction of protective immunity; for example, 
reduced and alkylated recombinant protein does not induce 
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SERUM DILUTION 

FIG. 1. Antibody titers oiAotut «:ra as dci^ineU by BLISA. The capture antigen was control protein CST (a and b) or mdlazial protein MSP-l^g (c and d). 
Mcmkii^ wcrt; duitlenged with Lbe heterologous parasite strain (no. 1 tn 6) (a aiuJ Or pvt^xt a bumologous challenge (no. 7 to 11) (b aad d). Oiien itymbob represent 
control monkeys immunized with GST; filled syaiholx represent monkeys imniuoizcd with GST-MSP-l,j. Monkey no. (jiymtn»I)- ^ C^)> 2 (□), 3 (O), 4 (♦), 5 (M), 6 
(•>, 1 (O), i* (O), * (♦), II) (■), anil 1 1 (•), 



protection. P. falciparum MSP-l^^ contains 12 cysteine resi- 
dues and it is thought that the six predicted disulfide bonds arc 
important to determine the three-ditnensional structure of the 
polypeptide. The recombinant protein produced in £. coli has 
tseen shown to contain epitopes shared with parasite-derived 
MSP'l by using a panel of 12 MAbs and several immune sera 
(6, 15, 16, and unpublished data). Five of the MAbs recognize 
epitopes in the fii^t epidermal growth factor-like motif (8), two 
(MAbs 91.33^S and 94.65, a kind gift of G. S. R Hui) are 
specific for the second epidermal growth factor-like motif (23), 
and the rest bind oniy when both motifs are expressed to- 
gether. None of the MAbs binds when the protein has been 
treated with reducing and alkylating agents. These studies sug- 
gest that tlie recombinant protein is correctly folded and re- 
sembles the native protein. 

Immunization with GST-MSP-lm induced the production 
of antibodies, some of which may be against functionally im- 
portant epitopes, but the antibody titers were low compared 
with those in mice protected against challenge infection. In 
mice ioununized with recombinant P. yoeHi MSP-I19. protec- 
tion appears to correlate with the antibody response (12, 13, 
25). In this study, the monkeys responded to immunization 
with the fusion protein. They developed antibodies to both the 



GST carrier and MSP- 1 19 (Fig. 1); only one monkey (number 
11) did not respond well on immunization. The sera also par- 
tially blocked the binding to MSP- 1,9 of MAbs that inhibit 
erythrocyte invasion in vitro (Fig. 2). These MAbs have differ- 
ent specificities; 12.8 recognizes an epitope in the first epider- 
mal growth factor-like motif, whereas MAb 12.10 binds only to 
the whole MSP-l^.^ polypeptide and not to either of the indi- 
vidual epidermal grovrth factor-like moti/js alone (6, 8). The 
results of this competition FT ISA indicate that the animals 
developed at least some antibodies recognizing epitopes that 
are important targets for inhibition of the invasion process, as 
judged by in vitro assays. However, these antibodies were 
present in a low concentration because high concentrations of 
serum were re<iuired in the blocking assay, in particular with 
MAb 12.10, The majority of antibodies Induced by immuniza- 
tion may bo directed against other epitopes of MSP-I19. Con- 
sistent with this observation is the fact that the sera were able 
to effectively block the binding of noninhibitory MAb 2.2 and 
that of MAb 7.5 to a lesser extent (data not shown). Antibodies 
with 2.2 and 7.5 specificity compete with the inhibitory anti- 
bodies for binding and prevent the inhibition of MSP-1 pro- 
cessing (5) and therefore may be detrimental to protection. 
After challenge, none of the monkeys that received the 
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MC 2. CompctiUon EU&A to demonstrate thai lfa« monkey sera oontamcd autiborfie* that bl«k tbe biDdtDg inhibUoty MAbs <«^„^)^J^^f* ^^^^ 
d) kid nooSuSry MAb 22 (c and 1). MOnVey* ^ given a hctcrol.BU« challenge (a^^and^ or « ^g^^^^^^^f ,<f^^ 

cortimt monkeys immuniwd with GST; BUed symbols repr«$c.it monkeys mimumzed wjih GST-MSP-ljp. Monkey no, (JSymtvol). l z ^uj, J ^v;, * ^^^^ :> w ^'^^^ 
7 (O), « (□), 9 <♦>, 10 (■>, *rtd 11 (•). 



GST-MSP-li9 vaccine was protected and all required chemo- 
therapy, although they had developed antibodies against the 
antigen. This contrasts with iiDTnunity induced by infection and 
cure in A nancytmi, which is antibody dependent and of long 
duration (34). Recently. Kumar and colleagues used P. falci- 
parum MSF-li9 c;^res&ed in 5. cerevisiae (23) and formulated 
with Freund*s adjuvant (24) to immunize Aotus monkeys of 
two different katyotypes. The lwO/4. mncymai monkey* which 
received the M5P-1 19 vaccine had peak parasitemias 0( <0-l% 
and resolved the infection. It was suggested that the protective 



immunity induced was not mediated by antibodies that block 
invasion, A significant difference between the two studies is the 
adjuvant used. Freund*s adjuvant is unacceptable for human 
use, and therefore we used liposomes and alum, an adjuvant 
combination which is being developed for use in humans (17). 
Jn the P, yoeUi model, essentially the same GST-MSP-lit>- 
liposome formulation did induce protection in mice (24a). For 
purified MSP-l (21) and MSP- 1, 9 (^)» importance of an 
adjuvant for the level and quality of the immune response in 
different species has been demonstrated. 
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The vaccination of a small group oiAotus monkeys in ttits 
study resulted in an immune response, but there was no ap- 
parent influence on the course of the disease. When the results 
of in vitro assays (3, 7)» observations in field Studies with nat- 
urally exposed humans (16, 18, 33), results of immunization 
studies with two mouse models (12, 25, 28), and results ob- 
tained with Actus monkeys given a strong adjuvant (24) or 
Uposomcs-alim[i (this work) are combined, there i& still no clear 
picture of the imponance of MSP-li^ in immunity to blood 
$tag<? P- falciparum malaria. The in vitro assays and results 
obtained with P. yoelU suggest that high concentrations of an- 
tibody to MSP-1 can prevent ciythrocytc invasion, it remains 
to be determined whether or not the antibody concentration, 
the fine specificity of the humoral response (5), or the contri- 
bution of an unidentified cellular response is crucial for pro- 
tection in vivo. The design of a vaccine based on the sequence 
of MSP-1 to elicit the production of specific inhibitory anti- 
bodies in himians remains to be implemented and requires the 
further development of reliable systems to test immunogcnicity 
and efficacy in vitro or in animal models. 

ACKNOWLEDGMENTS 

We thank Jana S, McBride and George S. N. Ilui for the gift of 
antibodies. 

This work received financial support from the UNDP/World Bank/ 
WHO Spccicd Programine for Research and Training in Tropical Dis- 
eases, 



I. Atnne. C, R,, S, t^bicbuQ. t. MiUtj*y-B»ltwr, R. L. Kkfonrds hw) N, M. 
Waiael 1993. Preparation and tide nf lipoMimc^i In immunological studies, p. 



3n'54;\. in C. Gregorittdis (cd)» liposome technology, 2od ed^ vol. 3, CRC 
Press, Boca Raton, Fla. 
1 Bcffzins, H. Pcrtauum, B. Wfthttn, E.-P. £krt, B. Bosb, Petcrwo, B, 
Wellde* M. SchoeitlMchler, J. Willimii^ J. ChulaQr, and P. Perlmanii. 1991. 
pas^v^ immunindiun oiAoPu monkeys with human antihodiCA to \h% rua- 
nwditmt Jaicipanon antigen Pfl55/RJiiSA. lof^ Immun. 59:1500-1506. 

3. Bladcttan, M. J., IL-G, Hei^ncli, S. Doikachlet J. S. McBride^ and A. A. 
Holder. 199a A single fragment of a malaria mtrozoitt: surface protein 
remains on the parasite during red cell invasion and in the target of invaston- 
inhibltiog afitihodie^L J. F^. Med. 172:379^382. 

4. Blwkmui, M. J.» L T. ling. & C Ntchona, and A A. Holder. l99h Hroieo- 
lytic processing of the Plasmodium falcqsarum merdxtiitA Kurface protein-l 
pfoduocs a mcmbranu-Kmnd fragment coDtoiniog two epidermal growth 
lactOr-Iike domains. MoL Biocfaem. Para.^itoL 49:29-34. 

5. Blackmaa, M. J., T. J. Scott-Finnisui, S. 9hai, ud A. A Holder. 1994, 
Antibodies iahtbii ibe protease-mediated processing of a malaria mcrozohc 
surface protein. J. Exp. Mecl. l»0:38i>-390. 

A. Bottbaas P. A, ^ A A Holder. 1994. Exprcaslon of the 19-ldlodalion 
caibosy-tennioal fragment of the Phsmfjdmm fdapunm nieit>vX»)U; sorrw? 
pi^>tciA>l til HscHcrkhta coti as a tXHiectly folded protein. MoL Biochem, 
ParajHtol. 64:165-169, 

7. Oun^ S. P., H. L. Glhson* C T.LeeKg, P. X Barr.ud C. &. N. HuL 1991 
A carboxyl-lwniinal fragment of Plasmodium faldpanan gpl95 cximaacd hy 
a recombinant haculoviru« induC«$ ariUbodiei ih^tl connpleiely inhibil para- 
site growth. J. Immunol. !49:54A-555. 

H. Chsppd, J. A, end A A Hinder. 19^, Monoclonal nntibodies that inbit»t 
PUamodumfaldptmtrn invasion m vitro recognize the first growth factor-lUcc 
domain of mcroznitc surface protcio>l. Mo), t^ochem. l'ara$iiol. 6Ch303* 
312. 

9. CoibtA, jr. 1994. FronUcrs In medicinet vdodnes^^umps on Ibe vaccine load. 

Sclcocc 245:1371-1372. 
Uh Co^MT, J. A 1993- Mcr^Tottc surface antigen-1 of Plasmodium, Parasilol. 

Today 9i50-54. 

11. Cooper, J, A, U T. Coop«r, and A J. Saul 1992, Mapping of the region 
predominantly recognized by antibodies to the Plasmodium falciparum mcr- 
ozoite surface antigen MSA-1. Mol Biochcm. Parasitol. ^1:301-312. 

12. Daly^ T. M., and C A Long. 1993. A recombinaDt 15-kilodaIton carfooxyl- 
termln&l fragment of Pla^imodUun ytydii y^Kln 17X1,. nt«roxO)(i» mfacij pro- 



16/06/2006.16:19:20 GUTMANN - PLASSERAUD 01 42 66 08 90 



Page; 40/42 



Vol. H 1996 FMNIUNIZATION WITH RECOMBINANT MALARIAL PROTEIN PfMSP-lio 3619 



tcin 1 Induces a proieciivv immune response in mice. Infect Immun. 61: 
2463-2467. 

L3. Daly, T. u»d C A. Long. 1995. 1 lumaml ruponoc to a carboxyJ-ierminal 
ns^OD o£ the mcrozoite siu&cc protdn^i ptnyt » predomiiuDt role id caa- 
tiolUflg bloctd-xugti) inrtscLt'on in rodent malaria. J. Immtmol. IS5:236-243. 

14. Di^, Q-l^W^K. BaikflK and U H. MiUct. 1993, Tbc major merozohc 
vurfacc protein as a malaria vaocirtd urgel, Parasitol. Today 9t3f)0~1i(yt 

15. Ebrii. a. F.. J. a. Ouppel, P. A. Bamhaus, J. S. Mocrii, JT. &. MtSrii^ A, 
BcUdtTf D. C. Koslotr, and M. Rflcy. 1995. Scrum anulKxHes ftom malaria- 
^xpo$$d people recc^nizc oooAcivcd epitopes lurmed by the two cpJdennal 
growth foctor motl£( of the cartMoty-tcrmiAal rntgmeDl uf the 
major mcro^oii^ xtiHjice protein of PUtsmodium fitktpvwn. Infect Tmmim 
63:456-466. 

16. Ckao, A, F., J. Morris, C. Baraixb, $. Alien, B. M. Gr^tttwctod^ D. C Ksfknir, 
A. A. Holderf and E. m: Rilfr. 1996,Clinical immunity lo Piajmodium pOcl- 
panun malaria '\% itwiiciiited with Bcnim antibodies lo the l!>kDa C-tenninaJ 
rro^enl of the mcrozoite sur&cc antigen, PIMSP-1. J. Infect Dla. 173:765- 
769. 

17. Frics^ )L D. M. Gordon, R. L Richmnlx, J. E. ]^an, M. ft. Bolliiitdsle, M 
Gro«v, c Sltvonno, aitd C. R. Alnng. 1992. LqN»omal malaria vaa^ne in 
humans: a safe and potent adiiivant strategy. Proc Nad. Ac<MJ. Sci. USA 

Itf, H^, B., N. T. Marbiah, P. A. Boq^os, and P. K. Andemen. 1995. Rela- 
tioD£hip between tnnictmnlly ilenved aa^i-PkismtiJmm foldpanim anal»dics 
and risk of infection and dl'u^^ iri infants living in an area of U'b«nn» West 
Africa, In which nnUana is highly endemic. Infect. Immun. «3:4034-4038. 

19. Holder, A. A, J993. Developments with anii-malnrit) vaccines. Ann. N. Y. 
AeaO. Sci. 700:7-21. 

2a Hoirard. R. }^ and B. Payloskr, 1993. Tazjgct antigem for asexual malaria 
vaccina O^vclopmenL ParaaitoL Today 9i^0^y7^, 

21. Hui, G. S. N., and S. P. Ctunj?. 1992. Ptasmodium fatciparum. induction of 
bif:^{tcatly aciive antibodies to gpl9S i.<t dependeni on the chou» of ad)u. 
v»ni». Exp, ParasitoL 75il55-l57. 

TL Holt G. & N., W. U GoWl, S. E. Cd^c, C Hashiro, C Nikaido, A. HrsU- 
motn^ and D. C Kaslofr. 1994. Imrounogcnkiiy of lh« C-terminal t9-IdDa 
fi'ei^EnWnt of the Piasmodhim faldparum mi^xuzuite surface protein 1 (M$Pl ), 
YMSP1,» expre{$«^t in S. cenvisias. J. ImmanoL 153:2544-2553. 

23. Kaslow, D. C, G. Hid, and S. Knmor. l.f}94, Expression and antigenicity of 
Plasmodium /aldpanim major mcrozoite surface protein (MSl'1-19) variants 
jttiCreLisd fi^wn 5acc^uiKmf}icer cer^isiar. Mat tiiochi-ni. PAmsitol. 63:283- 

2»y. 



24. Knmar, A. Yndura, D. B. Exksttt, J. h. Hon, M. Obi. S. A. Perdue 
Gt^tahtld, U tL MiDcr, and D. C iUxlow. 1995. Immtme^enidty and In 
VIVO efficacy of recombinant Platmodium Jok^nnum mcrozoite surCace pro- 
tdn^l In AOtuS monkeys. Mol. Med. l;1-& 

24aXfai8, 1. tt ai. Unpublished data. 

25, Hmf^ L T., S. A. Oguk, and A. A. Holder. 1994. Immunisation a^inu malaria 
with a recombinant pnjicnj, Pontsite ImmuooL 16:A>^7, 

36. Miller. L. T. Robert*, M, ShahahmMln. and T. F. McCatchan. 1993. 
Analysis of se^venu^ diversity io the Plajnuxtutm faicgiarum mcrozoite $ut» 
fiice protein-l (MSPl). Mol. Uiochem. ParasitoL S»:l-14. 

27. MttUer, ll.'Mq K. Frtlh, A. voo B^mE^ F. Esposito, & Ldmbardi, A. Crwiti, 
and H. Btyxrd. 199.9, Development of the htmuin immune response against 
the m;gur merozoitc surface prtttcm (gpl90) of Plasmodium fizldparum. 
Infect Immun. 57^765-3769, 

2R. OTIM, K, P. G. McKtaa, W. j™, imd K. N, Biwn. 1996. A xingl« copy 
mennoite ontigeo and immune evan'on. Parasite Immunol. 1$:165-17Z 

29. Ptrvon, p, J„ and M. K. Pericmi. I9SS. Charactcrizadon with monoclonal 
antihoditiy of a surfeee antigen of PlaxmndUm fiUdpanrnt merozoltex. J. Im> 
munol. 1>I;1946-1951. 

30. RiUy^ M.^ & J. Allen, J. G. Wbwlcr« M. J. BlmAmum, S. Burnett 
Takscs, H. J. Schceoffetd, A. A. Holder, and B. M Greenwood. 1992. Natu- 
rally 3ct(uired cellulsr and humor^ immune responses to the major mcro- 
zoite Surface antigen (PfMSPl) of Pinmodium fatcipamm arc ai«od>tftd 
with reduced malaria moiinUi^. PorBsitc Immunol U:,^21-CI37. 

31. Riley, E. M,. S, Monrls-JfttiM, M. J. BloclcauiBi B. M. Greenwood, and A. A. 
Holder. 1993. A longitudinal suidy of naturally acquired eelh^lAr and hu- 
«n<al^^ immune reqx>nscs to a mcro/vite surftice protein (MSPl) of Ptasmo- 
dium fiikipamm in an area of jicajtoitAl inmsmission. Parasite Immunol. 
13:513-524. 

32. ToUc lU K. Fr^ O. Donmbo, O. Koita, M. M>lay«» A Flteher, K, Dietz, 
aud a. Biyard. 1993. A prospective study or ihc nssociation between the 
human humoral itnmnnff rexponse to Plasmodium pakipamm blood sta^ 
antigen gpl90 and coittro] of malarial infections. Infect Immun, $1:40-47. 

33. Udbayakmnar. V., D. Ai^yttu, S. Karinki, Y. P. ^ P. B. molud, O. H. 
Bnracb. W. Weiss, B. L. NaUea, D. C Kaslonir, and A A LaL 1995. Identic 
flcatkM of T njid B cell epitopes rceogniKed by humans in the Oterminal 
42'^cDa domain of the Phsmodiim fiticipamm mcroxoitia itmte; protein 
(MSP)-l. J. Immuntil, 154:602^-6030. 

34. Wcnde, B. T., and T. Halt Unpublisbed data. 



Editor: S. H. B. Kaufmann 



